Genomic variation in the SKA2 gene has recently been identified as a promising suicide biomarker. In light of its role in glucocorticoid receptor transactivation, we investigated whether SKA2 DNA methylation influences cortisol stress reactivity and is involved in the development of post-traumatic stress disorder (PTSD). Increased SKA2 methylation was significantly associated with lower cortisol stress reactivity in 85 healthy individuals exposed to the Trier Social Stress Test (B = − 173.40, t = − 2.324, p-value = 0.023). Next, we observed that longitudinal decreases in SKA2 methylation after deployment were associated with the emergence of post-deployment PTSD symptoms in a Dutch military cohort (N = 93; B = − 0.054, t = − 3.706, p-value = 3.66 × 10 − 4 ). In contrast, exposure to traumatic stress during deployment by itself resulted in longitudinal increases in SKA2 methylation (B = 0.037, t = 4.173, p-value = 6.98 × 10 − 5 ). Using predeployment SKA2 methylation levels and childhood trauma exposure, we found that the previously published suicide prediction rule significantly predicted post-deployment PTSD symptoms (AUC = 0.66, 95% CI: 0.53-0.79) with an optimal sensitivity of 0.81 and specificity of 0.91. Permutation analysis using random methylation loci supported these findings. Together, these data establish the importance of SKA2 for cortisol stress responsivity and the development of PTSD and provide further evidence that SKA2 is a promising biomarker for stress-related disorders including PTSD.
INTRODUCTION
Prevalence rates of post-traumatic stress disorder (PTSD) in military personnel following deployment range from 5 to 15% (Sundin et al, 2010; Reijnen et al, 2015) . Even though several risk factors for deployment-related PTSD have been identified (Sandweiss et al, 2011) , the etiology of PTSD is currently not fully understood. It is therefore not possible to accurately identify who is at risk for PTSD after exposure to traumatic stress, and no reliable blood-based biomarkers for PTSD vulnerability have been identified so far. Nevertheless, prediction of deployment-related PTSD vulnerability is of great importance as it would facilitate prevention of the detrimental social and personal consequences of PTSD.
Recent studies have shown that epigenetic mechanisms are important for successful adaptation to a stressful environment and have a role in the development of PTSD (Zovkic et al, 2013) . DNA methylation is an important epigenetic mechanism that is influenced by genetic and environmental factors (Malan-Muller et al, 2014) , and reflects the transcriptional status of a particular gene (Schubeler, 2015) . DNA methylation studies therefore have great potential to increase our understanding of how the interaction between an individual's genetic background and traumatic stress exposure results in the development of PTSD (Vinkers et al, 2015a) . Kaminsky and colleagues recently proposed the spindle and kinetochore associated protein 2 (SKA2) gene (Chr17:59110368) as a blood-based DNA methylation biomarker for suicide (Guintivano et al, 2014) . In their study, SKA2 methylation levels predicted suicide and were also related to lower levels of the stress hormone cortisol, consistent with a role in glucocorticoid receptor transactivation (Rice et al, 2008) . As PTSD is associated with enhanced GR sensitivity and lower physiological hypothalamic-pituitary-adrenal (HPA) axis activity (Mehta and Binder, 2012; De Kloet et al, 2006; Yehuda et al, 1991) as well as with higher suicide rates (Schoenbaum et al, 2014) , these findings raise the question whether the epigenetic SKA2 biomarker can also be of use for detecting who is at risk for PTSD. We hypothesize that changes in SKA2 methylation are dissimilar between PTSD-susceptible individuals and those who are resilient.
To investigate the involvement of SKA2 methylation, we used data from two independent cohorts. First, to understand how SKA2 methylation levels are related to the endocrine adaptation to stress, we examined the relationship between SKA2 methylation and the cortisol stress response in healthy individuals. Second, we prospectively investigated changes in SKA2 methylation in relation to the development of PTSD symptoms using data from a longitudinal Dutch military cohort in which blood-based DNA methylation levels of SKA2 were measured before and 6 months after deployment to Afghanistan. Third, we investigated whether the epigenetic SKA2 biomarker rule developed for suicide (Guintivano et al, 2014 ) is capable of predicting PTSD before deployment.
MATERIALS AND METHODS

Samples
Cortisol stress sample. Eighty-five healthy individuals were recruited from the general population at the University Medical Center, Utrecht, The Netherlands. Participants had three or more Dutch grandparents and had not been enrolled in stress-related research before (Vinkers et al, 2013; Houtepen et al, 2015 ; Table 1 ). The absence of any mental or physical disorder was confirmed by an independent rater. Participants did not take heavy meals, drinks other than water or carry out heavy exercise at least 2 h before the study protocol. Current use of psychoactive substances (amphetamines, MDMA, barbiturates, cannabinoids, benzodiazepines, cocaine, and opiates) was determined by self-report and verified with a urine multi-drug screening device (InstantView). Participants completed a group version of the Trier Social Stress Test (G-TSST), consisting of a public speaking test and an arithmetic task as previously published (Houtepen et al, 2015) . Cortisol stress reactivity was assessed using eight saliva samples (Salivettes) collected over a time period of 90 min (Supplementary Figure S1 ). Samples were directly stored at − 80°C and analyzed as previously described (Houtepen et al, 2015) . In short, cortisol was measured without extraction using an in house competitive radio-immunoassay. The area under the curve increase (AUCi) of cortisol was calculated based on the consecutive data points as described by Pruessner et al (2003) .
Childhood trauma was assessed using the 25-item of the Childhood Trauma Questionnaire (CTQ; Bernstein et al, 2003) . The validity of the CTQ, including a Dutch translation, has been demonstrated in clinical and community samples (Bernstein et al, 2003; Thombs et al, 2009) . One translated item (I believe I was molested) was excluded as this translation was found to be an invalid indicator of childhood sexual abuse in a previous validation study (Thombs et al, 2009) .
Military Sample
From a large prospective cohort of 1032 Dutch military personnel deployed to Afghanistan (Van Zuiden et al, 2011) , three approximately equally sized male subgroups (total N = 94) were selected based on level of traumatic stress exposure and presence of PTSD symptoms (Table 2) . In this selected sample we analyzed the association of longitudinal changes of SKA2 methylation with trauma exposure and PTSD symptom increase. Sample size was determined based on previous studies of cortisol response in healthy controls (cortisol stress sample). Blood samples were collected before and 6 months after deployment. Current PTSD symptoms over the past 4 weeks were assessed with the 22-item selfreport inventory for PTSD (SRIP) which has a good reliability and validity compared with other PTSD scales such as the Clinical Administered PTSD scale and the Mississippi scale for PTSD (Keane et al, 1988; Hovens et al, 2000) . Development of PTSD was defined as a score of 38 and higher at follow-up in agreement with our previous studies (Van Zuiden et al, 2011) . Exposure to combat trauma during deployment was assessed with a 19-item deployment experiences checklist (DEC) as previously published (Reijnen et al, 2015) . This self-report assessment provided a range of potentially traumatic experiences that occur as part of deployment which include direct combat stressors. Trauma exposure was defined as 41 traumatic event. This pre-set dichotomization is based on the selection of participants with low or high levels of trauma to increase power (Boks et al, 2007) and leads to a bivariate distribution of trauma levels (see Supplementary Figure S4 for histogram).
After exclusion of one outlier (see next paragraph) 93 participants were analyzed: (i) N = 32 with high combat trauma exposure (DEC, mean = 7.3, SD = 2.9) and high levels of post-deployment PTSD symptoms (SRIP, mean = 45.3, SD = 8.6), (ii) N = 29 with high combat trauma exposure (DEC mean = 8.6, SD = 2.3) and low levels of PTSD symptoms (SRIP = 26.0, SD = 3.7), and (iii) N = 32 with low combat trauma exposure (DEC mean = 0.4, SD = 0.5) and low levels of post-deployment PTSD symptoms (SRIP mean = 25.1, SD = 3.7; Table 2 ). Analysis of age, gender, alcohol consumption, cigarette smoking, military rank, length, weight, or medication use did not show any differences between these three groups. Childhood trauma was assessed with the 27-item Dutch version of the Early Trauma Inventory-Self Report (Bremner et al, 2007) , assessing early traumatic experiences before the age of 18 years which include general trauma, physical abuse, emotional abuse, and sexual abuse (Hovens et al, 2000; SKA2 methylation in the development of PTSD MP Boks et al Witteveen et al, 2006; Hovens et al, 2002; Witteveen et al, 2006) . To investigate the specificity of changes in PTSD symptoms we also investigated SCL-90 total score (psychoneuroticism) as well as the depression, somatisation, agoraphobia, and anxiety subscales (Derogatis et al, 1973) . Differences in PTSD symptoms between time points were log-transformed to improve the distribution. Three missing values in the baseline measure of PTSD symptoms were replaced by median values. This study was approved by the Medical Ethics Committee of the University Medical Center Utrecht and conducted in accordance with the Declaration of Helsinki and all participants gave written informed consent.
SKA2 Genotype and Methylation
In both the stress reactivity and the military sample, whole blood EDTA samples were obtained and DNA was extracted using standard salting procedures. DNA concentration was assessed using riboGreen and integrity using BioAnalyser. Bisulphite conversion was conducted using Zymo kits under standard protocol. In both samples, DNA methylation levels were assessed using Illumina 450K DNA methylation arrays interrogating over 450 000 CpG loci per sample at single-nucleotide resolution and covering 99% of RefSeq genes and 96% of CpG islands. For the military sample, baseline and follow-up samples were positioned on the same array and exposure to trauma and PTSD outcomes were equally distributed over the 16 arrays to reduce any batch effects to the minimum. For all analyses, SKA2 methylation levels (cg13989295) were adjusted for age and genotype of the underlying SNP (rs7208505) using inference of genotype based on the distributions of methylation levels as previously employed (Guintivano et al, 2014) . Analyses of our data showed that SKA2 genotypes completely separate methylation distributions (Supplementary Figure S2) . Adjusted SKA2 methylation levels were derived by taking the residuals of a linear model with age and genotype as indicator. One outlier of SKA2 methylation levels, defined as more than three SD from the mean, was excluded from analyses.
Cell-Type Composition
Cell-type composition was assessed in light of its potential influence on DNA methylation. In the military sample, celltype composition was investigated using flow cytometry analysis as implemented in the clinical laboratory of our University Medical Center as previously published (Van Zuiden et al, 2009; Supplementary Figure S3) . In the cortisol stress sample, cell-count estimation was calculated based on a recent algorithm (Jaffe and Irizarry, 2014) . The effect of cell-count composition on SKA2 methylation levels was analyzed for both samples.
Statistical Analysis
In the cortisol stress sample, linear regression was carried out with SKA2 methylation as the main determinant of the stress-induced cortisol area under the curve (AUC i ), age and gender and childhood trauma as covariates (cortisol_AUCi~SKA2 methylation+age+gender+childhood trauma). Mediation analysis was conducted using the mediate package in R that implements a bootstrapping procedure to infer if changes in SKA2 methylation that are accounted for by childhood trauma can explain the association of childhood trauma with cortisol response. This effectively estimates the extent to which SKA2 methylation levels explain the association between childhood trauma and the cortisol stress response. In the military sample, longitudinal analysis were conducted with SKA2 methylation after deployment as the outcome using linear regression with baseline SKA2 methylation levels as a covariate. First, we analyzed all participants together in a model with indicators of trauma and PTSD simultaneously (SKA2 methylation postdeploymentS KA2 methylation predeployment+change in PTSD symptoms+trauma exposure).
Next, to further separate effects of trauma and PTSD on SKA2 methylation, stratified analyses were carried out after exclusion of either participants who were not exposed to trauma (investigating PTSD symptoms in the traumaexposed group) and excluding those individuals who SKA2 methylation in the development of PTSD MP Boks et al developed post-deployment PTSD symptoms (investigating trauma effects in the non-PTSD group). All models were analyzed, with and without childhood trauma and the interaction term of childhood trauma and traumatic stress. Permutations with 100 000 random CpG methylation levels were used to derive an empirical p-value and estimate of the degree to which the association with traumatic stress and PTSD is unique or is an artifact of the underlying data structure. To investigate the effect of time we used a paired t-test to compare pre-and post-deployment SKA2 methylation levels.
To validate the previously published SKA2 suicide prediction rule (Guintivano et al, 2014) for its utility to predict PTSD, we used the model from the published training set in suicide victims on our data with the same published model parameters. The prediction rule was analyzed for performance using a model with PTSD as dependent and SKA2 methylation and genotype in interaction with premorbid stress (suicide~(SKA2 methylation +genotype) × childhood trauma). p-Values for prediction were obtained using 1 × 10 5 label swapping permutations. This model was further validated using permutation analyses comparing the performance of an adjusted SKA2 model from the training set (using genotype and age-adjusted SKA2 methylation levels) with 1 × 10 5 random CpGs from the 450K methylation array to derive an empirical p-value. In addition we created a new prediction rule for the prospective development of PTSD symptoms, which was investigated using ROC analyses with pre-deployment SKA2 methylation levels as indicators.
Assumptions of linear regression were evaluated by inspecting residuals. Cell-type composition before and after deployment was compared using repeated measures analysis of variance. Potential confounding by cell-type was ruled out by analyzing the association between cell counts (Monocytes, CD8T cells, CD4T cells, B-cell, and Natural Killer cells) with SKA2 methylation levels. In the cortisol stress sample, medication users and smokers were excluded. In the military sample, the potential influence of childhood trauma was investigated by adding continuous childhood trauma scores to the above mentioned models and by analyzing baseline differences between the PTSD and trauma groups using a one way analysis of variance (ANOVA). The potential influence of cigarette smoking, alcohol use, and medication was investigated by excluding participants with documented change in these parameters from the analysis (N = 35, N = 8, and N = 18, respectively).
RESULTS
SKA2 Methylation is Involved in Cortisol Stress Reactivity
In 85 healthy individuals, a lower cortisol stress response was significantly associated with SKA2 methylation in a model including age, gender, and childhood trauma (Table 3 ; model fit: F(4,84) = 9.12, po0.001, R 2 = 0.27). Mediation analysis showed no evidence for a causal role of SKA2 methylation in the relationship between childhood trauma and cortisol reactivity (estimated proportion mediation = 0.041%, 95% CI: − 0.18-0.233, p-value = 0.52).
Longitudinal Changes in SKA2 Methylation and the Association with Trauma and PTSD
In the military cohort, we investigated the relationship between traumatic stress during deployment, longitudinal changes in SKA2 methylation and PTSD symptoms. Concurrent analysis of trauma and PTSD showed that SKA2 methylation changes were negatively associated with the development of PTSD symptoms (B = − 0.054, t = − 3.706, p-value = 3.66 × 10 ). Addition of childhood trauma as covariate retained a significant Figure 1 (a) SKA2 methylation changes during deployment in (non-posttraumatic stress disorder (PTSD)) individuals that were exposed to either low-or high-levels of trauma. In individuals exposed to traumatic stress, SKA2 methylation levels increases were significantly higher (p-value = 9.5 × 10 ) and deploymentrelated traumatic stress (B = 0.032, t = 3.339, p-value = 0.001235). Childhood trauma was not significantly associated with prospective changes in SKA2 methylation (B = 0.002, t = 1.291, p-value = 0.20) nor did childhood trauma alter the effects of traumatic stress on SKA2 methylation (B = − 0.001993, t = − 0.325, p-value = 0.75). Childhood trauma levels were not significantly different between the three groups (ANOVA F(1,91) = 0.079, p-value = 0.78). Also, no effect of time was present for SKA2 methylation (paired t-test, t = − 0.944, df = 92, p-value = 0.348).
To examine the effects of traumatic stress and PTSD per se, we also conducted longitudinal stratified analyses in non-PTSD participants and trauma-exposed individuals, separately (see Figure 1 ). Exposure to traumatic stress during deployment was associated with an increase in SKA2 methylation in individuals that did not develop PTSD symptoms after deployment (B = 0.005, t = 4.195, p-value = 9.47 × 10 − 5 . Moreover, decreases in SKA2 methylation was associated with the development of deployment-related PTSD symptoms in individuals exposed to traumatic stress (excluding the participants that had low trauma exposures; B = − 0.070, t = − 4.298, p-value = 6.7 × 10 − 5 ). Supplementary Tables S1 and S2 show the full models of the association of SKA2 methylation levels with traumatic stress exposure and PTSD symptoms for the combined as well as the stratified analysis. Exclusion of participants for who alcohol, smoking, or medication use changed during deployment retained the association of PTSD symptoms with longitudinal changes in SKA2 methylation for medication use (B = − 0.060, t = − 2.803, p-value = 0.008), smoking (B = − 0.069, t = − 4.182 p-value = 1.1 × 10 − 4 ), and alcohol use (B = − 0.075 t = − 4.886, p-value = 1.0 × 10 − 5 ). Increases in PTSD symptoms were positively correlated with increases of psychoneuroticism symptoms (SCL-90 total score, r = 0.5, po0.001). As a result, increases in psychoneuroticism in individuals exposed to traumatic stress were also significantly associated with longitudinal changes in SKA2 methylation (B = − 0.063, t = − 2.073, p-value = 0.043, (model fit: F(2,55) = 16.6, po0.001, R 2 = 0.35). In contrast, SKA2 methylation changes were not significantly associated with any of the SCL-90 subscales of depression, somatization, agoraphobia, and anxiety (data not shown).
PTSD Prediction from SKA2
Finally, we investigated the prediction of PTSD symptoms from the previously published SKA2 suicide predictor rule (Guintivano et al, 2014) . We found that the suicide prediction model provided modest but statistically significant prediction of PTSD from pre-deployment SKA2 methylation in a model including childhood trauma (AUC = 0.66, 95% CI: 0.53-0.79, p-value = 0.011). Optimal sensitivity was 0.81 with a specificity of 0.90. Permutation analysis showed that SKA2 methylation was a significantly stronger predictor than random CpGs (permuted p-value = 1.5e-4). Subsequent stratified prediction analyses were carried out to identify the genotypes for which prediction was optimal, as SKA2 methylation is in part under genetic control. In T-allele carriers (N = 77), prediction was best (AUC = 0.76, 95% CI: 0.65-0.87, p-value = 7.0 × 10 − 5 ) which yielded an optimal sensitivity of 0.96 with specificity of 0.94. Prediction was lowest in CC homozygotes (N = 16; AUC = 0.60, 95% CI: 0.24-0.96, p-value = 0.50). Figure 2 shows the performance of the SKA2 prediction rule for PTSD for different genotypes groups. Even though the suicide prediction rule did not predict PTSD from baseline after exclusion of childhood trauma (AUC = 0.48, 95% CI: 0.35-0.61), prospective changes in SKA2 methylation during deployment in interaction with genotype resulted in a significant prediction in absence of childhood trauma as a factor (AUC = 0.69, 95% CI:0.55-0.82), indicating some utility in complete absence of recorded history.
Training a new PTSD prediction rule for the development of PTSD symptoms from baseline SKA2 methylation (N = 93) showed that the development of PTSD symptoms is predicted fairly well in a model that included childhood trauma (AUC = 0.85, 95% CI: 0.76-0.92, po0.001), with an optimal sensitivity of 0.94 and a specificity of 0.70. A model that also included pre-deployment PTSD symptoms was slightly better (AUC = 0.86, 95% CI: 0.79-0.94) while prediction of PTSD symptoms from baseline SKA2 methylation levels in a model without childhood trauma yielded less robust results (AUC = 0.74, 95% CI: 0.64-0.84).
DISCUSSION
This study provides converging evidence for a role of SKA2 methylation in stress-related psychopathology. Longitudinal Figure 2 PTSD prediction using pre-deployment SKA2 methylation based on the previously published SKA2 prediction rule (Guintivano et al, 2014) . decreases in SKA2 methylation after deployment were related to the development of PTSD symptoms, whereas exposure to deployment-related traumatic stress was associated with increases in SKA2 methylation over time. In an independent sample, higher levels of SKA2 methylation were associated with a blunted cortisol stress response. These findings are consistent with an interpretation in which increases in SKA2 methylation after trauma reflects a functional adaptation of the physiological cortisol stress response. Conversely, unchanged or decreased SKA2 methylation may indicate persistence of a high-cortisol stress response with the risk of exhaustion of the HPA axis and subsequent development of PTSD. Such a role of SKA2 would be in agreement with its importance for HPA-axis functionality as highlighted by studies showing that SKA2 knockdown affects glucocorticoid feedback inhibition (Rice et al, 2008) , and the association of (epi)genetic variation in SKA2 with suppression of the cortisol awakening response (Guintivano et al, 2014) . In addition to the longitudinal decrease in SKA2 methylation related to the development of PTSD symptoms, predeployment SKA2 methylation levels in concert with childhood trauma significantly predicted the development of PTSD symptoms. Validating a previously published SKA2 suicide prediction rule for PTSD using pre-deployment SKA2 methylation levels and childhood trauma resulted in a significant prediction of PTSD even when not taking trauma exposure during deployment into account (AUC: 0.66, p-value = 0.011). This prediction was particularly significant in T-allele carriers (N = 77, AUC = 0.76). The relevance of inclusion of childhood trauma in this model is in line with previous studies showing the effects of childhood trauma on HPA-axis activity (Yehuda et al, 1991; Carpenter et al, 2007; Lovallo et al, 2012; Heim et al, 2000) . A new predictor rule derived from the baseline SKA2 methylation that again included childhood trauma, also predicted PTSD symptoms with fairly good accuracy (AUC = 0.85, po0.001). These data suggest that SKA2 methylation together with childhood trauma may be of use as a PTSD biomarker.
The observation that the prediction is superior in T-allele carriers is difficult to interpret in light of the fact that DNA methylation changes occur on the C allele of the rs7208505 SNP. It is possible that the T-allele marks some relevant functional change through a mechanism that remains to be determined. Previous studies have demonstrated that SNPs within PTSD-associated genes may alter the threedimensional structure and facilitate interaction of enhancer and promoter regions to drive transcription (Klengel et al, 2013) . A similar mechanism may be at play for SKA2 at rs7208505 or SNPs in linkage disequilibrium with this locus. Of relevance, publically available histone H3 lysine 27 acetylation and H4 tri-methylation signatures implicate a possible enhancer region within a few kb upstream of rs7208505 on chr17 within a HapMap implicated LD block with rs7208505. Alternatively, Guintivano et al (2014) , originally reported an ENCODE implicated glucocorticoid receptor binding peak proximal to rs7208505 as well as one in the promoter region of SKA2. As these data were generated by immunoprecipitation for the glucocorticoid receptor following dexamethasone treatment, these two peaks may be an artifact of a single glucocorticoid receptor binding event occurring across three-dimensionally folded DNA, further suggesting that genetic effects at rs7208505 may be mediating conformational changes to drive transcription of SKA2. However, these effects should be further investigated because at present they also may pose a chance finding in a small sample.
One particular strength of the current study is the possibility to study SKA2 methylation in a longitudinal design before and after deployment. To our knowledge, the SKA2 biomarker in this longitudinal study represents the first genetic and epigenetic biomarker with potential for prospective prediction of PTSD. Association of the SKA2 methylation levels with the endocrine stress response in an experimental stress paradigm suggests that SKA2 indicates the actual and functional response to stress, which adds to the credibility of the SKA2 biomarker. In contrast to the documented strong influence of gender on cortisol stress responsivity that is thought to reflect physiological differences (Vinkers et al, 2015b) , the absence of a direct mediating effect of SKA2 methylation levels for cortisol stress reactivity suggests that SKA2 may function as a stress responsivity biomarker rather than a direct causal link. SKA2 methylation does not explain (mediate) the effects of childhood trauma on stress responsivity. The association of SKA2 methylation with several other HPA-axis related symptoms such as depression, neuroticism and suicide is consistent with the central role of stress-induced alterations in HPA-axis reactivity in PTSD and many other disorders (Mehta and Binder, 2012; De Kloet et al, 2006; Yehuda et al, 1991) and points to a role of SKA2 methylation as a general stress responsivity biomarker.
The results of this study should be interpreted in the context of its limitations. The longitudinal cohort included relatively small pre-selected groups, which precludes a meaningful analysis of positive predictive values. In addition, our findings were obtained in male Caucasian individuals and it may therefore be difficult to directly extrapolate the findings to other samples and populations.
In conclusion, this longitudinal study shows that traumatic stress and PTSD have opposite effects on SKA2 methylation. Whereas traumatic stress exposure leads to increasing SKA2 methylation levels, the development of PTSD is associated with decreasing SKA2 methylation. The fair prediction of PTSD from pre-deployment SKA2 methylation levels in concert with childhood trauma as well as the association with HPA-axis responsivity underscore the potential of SKA2 prediction. Together they provide a strong basis for further studies of genetic and epigenetic variation of SKA2 as a marker for stress susceptibility in general and for PTSD in particular.
FUNDING AND DISCLOSURE
Dr Kaminsky is an inventor on patent applications for DNA methylation biomarker based prediction of post-partum depression (PPD), suicide, and PTSD. The PPD technology is under option to Physician's Choice Laboratory Services. Dr Kaminsky received consultant fees from Janssen Research and Development, LLC. Dr Boks is an inventor on patent applications for DNA methylation biomarker based prediction of PTSD. The remaining authors declare no conflict of interest.
